Zinc deficiency is a public health problem associated with pregnancy complications and birth outcomes, impaired immune function, and increased duration and severity of diarrhea in children. Zinc is an essential trace mineral that is a component of over 200 enzymes and is known to be necessary for normal collagen synthesis, mineralization of bones, and is also involved in vital processes such as mitosis, synthesis of DNA and protein, and gene expression and activation. In many low-income countries diets are composed primarily of cereals and legumes which contain phytate that inhibit zinc absorption. Most Kenyan diets are composed of cereals and legumes that have high content of zinc inhibitors, whose levels may be reduced through appropriate food processing technologies at the household level. Indigenous food processing methods like soaking, germination, drying, fermentation, boiling, and roasting, and diet combinations usually reduce the levels of zinc antagonists in the plant diets, thus increasing zinc absorption and bio-availability. These methods are used in combination to both enhance organoleptic properties of food, increasing acceptability and also promoting complementation of nutrients. There are food combination patterns that enhance nutrient bioavailability and complementation that was known to most traditional households and are quickly being forgotten due to changing lifestyles, food preparation methods and food tastes. This is worsened by lack of proper knowledge transfer from the older generation. However, the transfer of indigenous knowledge in food processing, preparation and diet combinations need to be profiled to identify processes that promote nutrient content and bioavailability for improved health and nutrient situation of rural populations whose diets are basically plant based. There is need to identify suitable sources of absorbable zinc and possible suitable dietary combinations that can contribute towards the reduction of zinc deficiency. This paper discusses the indigenous food processing methods that enhance zinc absorption and bioavailability of zinc in local dietary combinations that could reduce zinc deficiency.
INTRODUCTION
Zinc deficiency is a public health problem, and is associated with poor growth [1] , decreased immune function [2] , increased susceptibility to and severity of infections [3] [4] [5] , adverse outcomes of pregnancy [6] , and neurobehavioral abnormalities [7] . Zinc is an essential trace mineral that is a component of over 200 enzymes and is known to be necessary for normal collagen synthesis and mineralization of bones [8] [9] , and is involved in vital processes such as mitosis, synthesis of DNA and protein, and gene expression and activation [10] . In animals, zinc deficiency has been associated with abnormalities in bone growth, bone formation, and mineralization [11] . In humans zinc deficiency has been associated with poor bone health [12] and low bone mass in women [13] [14] . Reduced serum or plasma zinc concentrations and urinary zinc have also been reported in women with osteoporosis [15] [16] [17] [18] .
In many low-income countries diets are composed primarily of cereals and legumes which contain phytate (myo-inositol hexaphosphate), a compound known to inhibit zinc absorption [8] . These diets contain few animal source foods which are rich in zinc and are free of phytates [9] . Approximately one third of children in low-income countries are stunted [19] . Zinc deficiency is presumed to be the underlying cause of stunting and delayed sexual maturation. Zinc supplementation increases linear growth in stunted children [1] which suggests that these high rates of stunting may be due in part to zinc deficiency [19] . Though supplements and fortificants have been used in the control and management of zinc deficiency, dietary combinations of foods that have high levels of phytates, consumed mostly by rural populations may have further complexities regarding bioavailability and utilization of zinc, sometimes creating deficiencies in the body, and negating the purpose of supplementation. This calls for serious consideration of the assessment of the indigenous food preparation methods and diet combinations with implications to zinc nutrition status.
Zinc nutrition status influences the absorption, transport and utilization of vitamin A. The enzyme that plays a major role in the oxidative conversion of retinol to retinal is zinc dependent, and may be adversely affected in zinc deficiency. Total zinc content from the diet and bio-availability from the diet's food combination also influence the efficiency of zinc absorption. Zinc inhibitors like phytates and fibre are present in higher amounts in plant foods, especially cereals and legumes, and influence zinc absorption. Although phytates have been singled out as the most potent dietary inhibitor of zinc bioavailability [20, 21] , other known inhibitors include oxalate, fibre, EDTA, and polyphenols such as tannins [22] .
Most Kenyan diets are composed of cereals and legumes that have high content of zinc inhibitors, whose levels may be reduced through appropriate food processing technologies adopted in households. Maize as a cereal grain is a common staple in most Kenyan diets, and has very high phytate content [23, 24] . When these staples are fermented phytases are produced which break down phytates increasing the amount of available zinc. Zinc deficiency is likely to occur in individuals with low intakes of meat or whose primary zinc sources are poorly bioavailable [25] . Animal sources of food provide higher levels of zinc than plant foods, which are also high in phytic acid and other constituents that reduce the bioavailability of dietary zinc. Consumption of beef protein increases zinc absorption [26] . Plant foods that are rich in zinc include legumes, nuts, seeds and whole grains are also high in phytic acid, an inhibitor of zinc bioavailability. Unrefined cereal grains, classified as low-zinc bioavailability diets, with a high phytate-zinc ratio, high level of energy in these high-phytate foods and low amounts of proteins [27] , compose daily diets of many people.
PREVALENCE OF ZINC DEFICIENCY
Several micronutrient deficiencies such as those of iron, zinc, vitamin A, folic acid, riboflavin, iodine, calcium and vitamin E have been reported among pregnant and lactating women, possibly because of low dietary intakes or poor availability of micronutrients [28] . FAO food balance sheets have continued to record a declining trend in the consumption of animal products and fortified food in Africa. Prevalence of zinc deficiency has been estimated at between 36-46% in pregnant women studied in Malawi [29] , lactating women in the Gambia [30] , and lactating women in Zaire [31] . Results of these studies have revealed low dietary intakes in bioavailable zinc due to high phytates and fibre, and low intake of animal products.
Zinc and copper deficiencies are prevalent for most age groups in developing countries [32] . Mean intakes of these micronutrients are less than two-thirds of the RDA [33] [34] . Global prevalence of inadequate dietary zinc intakes in pregnant women to meet normative needs of pregnancy was estimated at 82% [35] . Zinc deficiency was reported in 24% of postpartum women in Indonesia [36] , and results in increased rates of infection during pregnancy and lactation [37] . Assessment of dietary intake of zinc in a sample of 100 women revealed a mean intake of 3.7 mg/d (milligrams per day). Other nutrients included calcium 210 mg/d, phytic acid 1066 mg/d and a phytate-zinc ratio of 28. In this survey 90% of the subjects were at risk of zinc deficiency. Zinc absorption ranged from 15% for diets in Malawi, Kenya and Guatemala to 30% for diets in Ghana, Egypt and Papua New Guinea [38] [39] [40] .
Assessment of anemia and status of iron, vitamin A and zinc in Kenya found a mean serum s-zinc concentration (non-fasting <65µgldl) of 65.07 µg/dL with a prevalence of 50.8% among children [41] . Zinc deficiency was lowered to 44.2% when infection was controlled. Sub-regional variations were evident with the Lake Victoria Basin exhibiting higher deficiencies than highlands and semi-arid lowlands. The lake basin is a region where malaria is endemic, a major contributory factor to zinc deficiency. Mean serum zinc concentration in mothers was found to be 63.6 µg/dL with a zinc deficiency prevalence of 52.2 %. Controlling for infection reduced prevalence to 47.5 %. Prevalence of zinc deficiency was severe with severity of anemia. Zinc deficiency was more prevalent among pregnant mothers (68.7%) than non-pregnant mothers (49.9%). Mean zinc concentration decreased by 1.79 g/dL per month with increase in gestation age [41] .
High risk for hypozincaemia is likely to occur in about half of the population in Kenya. The possible risk factors include diarrhea, hookworms and anemia in children. Anemia, respiratory tract illness, hookworm infestation and poor nutrition were each associated with two-fold increase in the risk of hypozincaemia. Hypozincaemia is worsened in pregnancy and low plasma zinc concentration would enhance pregnancy complications such as prolonged labor, hypertension, postpartum hemorrhage, spontaneous abortion and congenital malformation. Nutrient requirements increase during pregnancy above the non-pregnant levels to meet the needs of the new physiological status. Nutrient deficiency in pregnancy has serious implications for the fetus and infant, besides increased risk of morbidity and mortality. In Meru region of Kenya, schistosomiasis infection and vitamin A deficiency was associated with two-fold increase in hypozincaemia [41] .
ZINC ABSORPTION AND BIOAVAILABILITY
The balance between absorption facilitators and inhibitors, and the individual's zinc nutrition status determines the bioavailability of zinc from individual foods or from a meal [42] [43] [44] . Promoters of zinc absorption include amino acids such as histidine and cysteine [45] . Diets have been classified into high, medium and low-zinc availability based on the absorption of energy from animal sources, the phytate-zinc molar ratio, the amounts of inorganic calcium salts and the methodologies of processing of cereals. Phytate-zinc molar ratio is used to estimate the likely absorption of zinc from a mixed diet. Diets with a phytate-zinc molar ratio greater than 15 have relatively low zinc bioavailability, those with phytate-zinc molar ratio between 5 and 15 have medium zinc bioavailability and those with a phytate-zinc molar ratio less than 5 have relatively good zinc bioavailability [46] . Phytate/zinc molar ratio and calcium/phytate/zinc molar ratios play a major role in inhibiting zinc absorption such that zinc absorption is typically less than 15% in high phytate meals [47] .
Several studies have reported on the fractional and net absorption of zinc under different dietary conditions [48] [49] [50] . Although fractional absorption decreases with higher intakes of zinc, the net absorption was greater when total consumption of zinc was increased. This increase was less dramatic in foods that had low phytate levels than in foods with higher phytate levels. Fractional absorption of zinc was further reduced when other minerals were included in the aqueous supplement. Absorption of zinc tripled when white bread was enriched with 3.1 mg zinc chloride to produce a total meal content of 3.5 mg zinc, but not when sufficient zinc was added to the same amount of phytate-containing whole meal bread to produce similar final zinc content. When meals containing chicken meat were enriched with 3.3 mg zinc per meal, fractional absorption fell by only a quarter and net absorption increased by 30% to 50%. Incubation of dough with yeast for 16 hours before baking reduced phytate-zinc molar ratio of bread containing wheat bran from 17 to 4 and doubled the absorption of zinc. Zinc was absorbed most efficiently from aqueous solutions and from meals containing animal products. Absorption was considerably less from phytatecontaining meals. Fortification of foods with exogenous zinc generally produced a small reduction in fractional absorption, but a positive impact on net absorption. However, fortification of foods with a high phytate-zinc molar ratio had only a small effect on net zinc absorption [51] .
High fibre foods are often associated with diminished zinc absorption. However, refined foods that are low in fibre have substantially lower levels of zinc, so that while relative zinc absorption from low fibre foods is improved, the overall zinc absorption is greater from high fiber foods. For example, almost 40% of the zinc in white bread (refined) is absorbed, while only 17% of the zinc in whole grain bread is absorbed [52] . However, the total amount of zinc absorbed from whole grain bread is almost 50% more than that absorbed from white bread because whole grain bread contains more than three times the level of zinc found in white bread [53] .
INDIGENOUS KNOWLEDGE IN THE CONTROL AND PREVENTION OF ZINC DEFICIENCY
Increased food production, availability of food supply and access are crucial to achieving major nutritional improvements. Wide application of proper technologies and approaches, and development of new concepts that should be transmitted to households and stakeholders are necessary for promotion of dietary interventions in zinc deficiency states. Transfer of indigenous knowledge and skill in food processing, presentation and meal combinations from the older population to the younger, and building on their knowledge for production, processing and preservation of food is necessary for the control of zinc deficiency. There have been notable changes in food selection patterns and traditional methods for preparing and processing of indigenous foods with implications for nutrient retention and bio-availability. The traditional methods are cheaper, acceptable, economically feasible and sustainable means for improved zinc status.
Use of traditional methods requires an understanding of the local dietary patterns, food beliefs, and food consumption patterns of the population to consider the general dietary compositions and combinations, and interactions between the diverse food constituents that antagonize zinc absorption and bioavailability. Such development must consider the cost of foods in terms of accessibility by the general population. One must appreciate challenges in changing dietary habits, attitudes and practices. There are a range of dietary diversification and modification strategies that increase zinc content and bio-availability of plant-derived foods. Dietary approaches are based on promotion of increased consumption of zinc-rich diets and reduction of intake of inhibitors of zinc absorption. Strategies to increase zinc content of the diet are necessary in Kenya where diets are based on cereal staples in zinc.
Dietary diversification includes consumption of zinc rich foods, animal foods and local plants that have high zinc content and indigenous insects. However, zinc and phytate content of local Kenyan plant foods has not been clearly assessed, so as to identify suitable sources of absorbable zinc. There has been a steady decline in the consumption of animal products. Traditionally households kept small livestock such as goats, sheep, rabbits, and pigeons that were consumed at the household level as sources for micro nutrients and proteins. Besides small livestock, mice and wild game were consumed, and fishponds were also developed on small scale house gardens. Farmers selected crop varieties to meet their food needs in the constraints of their environment. They trusted seed from their own landraces to produce a reliable crop.
There were social reasons of custom and prestige, for selection of a diverse range of traditional crops. For example, sorghum was used to brew beers for social functions. Changes in lifestyle and food consumption patterns have affected the production, preparation and preservation of foods. Indigenous knowledge transfer systems are collapsing, creating gaps in knowledge regarding production and utilization of indigenous foods. This is further complicated by the reduced agro-biodiversity in households and communities with devastating effect on food and nutrient diversity of populations.
Indigenous food processing methods and diet combinations usually reduce the levels of anti-nutrients in the plant diets, thus increasing nutrient bio-availability. Such methods include soaking, drying, fermenting, boiling, and roasting. These methods are used in combination to both enhance organoleptic properties of food increasing acceptability and also promote complementation of nutrients. Soaking of cereals and legumes has been used to reduce the phytate content of plant foods. For example, sprouting of beans can dephytinize food products and thus improve zinc bioavailability and also increase the vitamin C content [54] . Drying has been used to preserve meat, fish, cereals, roots and tubers, fruits and green leafy vegetables. Meat and fish are dried over smoke which adds flavor besides increasing shelf life. Such dried fish has readily available zinc [55] . Amino-acid and cystein-containing peptides are released during digestion of cellular animal proteins, enhancing zinc absorption.
Soaking and germination have been used to process foods, reducing levels of antinutrients and increasing nutrient quality of foods. Soaking oats followed by sprouting the oats reduces phytate content and doubles the amount of absorbed zinc in comparison with untreated oats. Zinc content is improved when leavened products are used [56] . Sorghum, for example, is soaked, germinated and is eaten or ground to flour and added to ungerminated cereal flour, reducing the cereal viscosity and activating endogenous cereal phytases that break down phytate into lower inositol phosphates. Soaking and germination enhances enzymatic hydrolysis of phytates. Cereal porridges have been prepared by combining germination and fermentation to improve flavor, digestibility of the products and increase the content of vitamin and minerals. The initial enzymatic changes which precede germination result in both transfer and increase of the B-complex vitamins. It also breaks down the higher carbohydrates and other storage molecules such as calcium, magnesium, and phytate [57] .
Fermentation and drying have been used in combination. For example, cassava roots are peeled and grated into pulp, put into cloth bags and set in the sun to drain and ferment. Weights are added onto the bags to press out the moisture for 3-4 days. There is a degree of fermentation and souring. After complete draining, the material is sieved and put in shallow metal pots over a wood fire and is continuously stirred and turned, beating humpy sections to disintegrate them. The other example is maize flour which is soaked, as a thick paste for 3-4 days at ambient temperatures to promote fermentation. The paste is roasted over low heat until golden-brown. It is then sun-dried to reduce the moisture content and to increase the peeping quality. Fermented products are low in soluble fibre and high in insoluble fibre. Organic acids produced, such as acetic, lactic, citric, formic and butyric acids, during fermentation potentiate zinc absorption by forming ligands with zinc. Microbial fermentation enhances zinc bio-availability through hydrolysis induced by microbial phytase enzymes. Reduction of phytates in the diet could also favor enhanced absorption of other minerals like calcium and iron. Fermentation reduces the phytate content by releasing endogenous phytases and incorporates yeast during the process [58] .
LOSS OF INDIGENOUS KNOWLEDGE
The adoption of non-Kenyan cultures, changing tastes, diets and lifestyles have negatively influenced the consumption of indigenous foods and contributed to the loss of indigenous knowledge and skills of food preparation, food combinations of nutritional value and food conservation. Time has also become a major constraint in food preparation with populations resorting to convenience and easy to prepare foods that are generally of low nutritional quality, monotonous, and lack variety. Social networks have changed the traditional mode of knowledge transmission. There is failure of knowledge transmission from generation to generation also because of attitude formation relegating these methods into categories of primitive technologies. There is potential for creating awareness of the value of indigenous foods, and preparation and conservation methods. Recipe development offer potential for increased product variety for the changing tastes and for improved marketability of the products.
CONCLUSION
Diets in Kenya and other low-income countries are composed primarily of cereals and legumes that are high in phytates that inhibit zinc absorption. The high content of zinc inhibitors can be reduced through appropriate traditional food processing technologies adopted in households. The zinc and phytate content of local Kenyan plant foods has not been clearly assessed so as to identify suitable sources of absorbable zinc and possible suitable dietary combinations that can contribute towards the reduction of zinc deficiency. Indigenous food processing methods and diet combinations usually reduce the levels of zinc antagonists in the plant diets, thus increasing zinc bioavailability. Transfer of indigenous knowledge in food processing, preparation and diet combinations for communities need to be profiled to identify processes that promote nutrient content and bioavailability for improved health and nutrient situation of rural populations whose diets are basically plant based with high phytic contents that reduce the bioavailability of zinc. There is need for extensive study of dietary patterns of a population to initiate changes that seek to enhance nutrient content of food and bio-availability.
